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We reported previously that both transcutaneous electrical spinal cord stimulation and 
New and Noteworthy
45
The present study provides new evidence of the functionally relevant neuromodulatory proprioceptive and cutaneous inputs in real time (Grillner 1979 spinal stimulation was applied, followed by a one-minute rest interval with no stimulation.
98
Subsequently, a 30 sec bout of plantar pressure stimulation was applied, followed by another 1-99 minute rest interval Finally a combination of spinal and plantar stimulation was applied for 30 100 sec (Fig 1) . The subjects were then instructed to voluntarily generate and maintain stable Leg kinematics were recorded using the Qualisys motion capture system (Sweden).
128
Optical markers placed at the greater trochanter, lateral epicondyle of the humerus, lateral 129 malleolus, and hallux were used to reconstruct the kinematics of stepping movements. Angular 130 movements of the hip, knee, and ankle joints were derived from the joint markers as described movements in all 6 subjects tested (Fig.1, A, C, E, G-left panels). These movements were (Fig. 2E ).
158
Notably, the combination of spinal and plantar stimulation elicited more robust EMG 159 activation patterns than either modality alone in all subjects (Fig.1A, 1E, 2A, 2B ), including the 160 one for whom plantar stimulation alone did not induce activity (Fig. 1, E&G) . Patterns of 161 reciprocal alternation in antagonistic muscles during combined stimulation are visible in Fig.   162 1(A&E) and further reflected in the resulting rhythmic, step-like joint kinematics (Fig. 1C, D (Fig 2A) . This increased muscle activation with 166 combined stimulation is further manifested in the accentuated excursions of the knee joint (Fig   167   2C ) and the angular displacements in proximal and distal joints for a normalized average step 168 cycle (Fig. 2D) , as well as the intra-joint angle-angle plots (Fig. 2E) . Most importantly, we note 169 that in terms of total induced muscular activity, combined stimulation exhibited a synergistic 170 effect, producing a greater average EMG integral than the sum of spinal and plantar stimulation 171 responses for all 4 muscles (Fig 2B) .
172
The neuromodulatory effects of spinal and plantar stimulation on voluntary stepping 173 changed the EMG patterns and joint kinematics and a clear pattern of reciprocity in the 174 modulation of EMG amplitudes in the TA and MG within the first step cycle (Fig. 3) . As 175 observed during involuntary stepping, the most significant facilitation to voluntary stepping 176 occurred when both spinal and plantar stimulation were initiated simultaneously (Fig. 4) . The (Fig. 2 & 4) . Generally, the combination of spinal stimulation and plantar 185 pressure stimulation modalities yielded the most robust synergistic neuromodulatory effects ( No. 14-45-00024). 
